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IPRM'96 "Concert": 
Wunderbar!!! 
Maestro Olaf Hildebrand's ringing of a 
clear, high-pitched bell was the tin- 
tinnabulic overture to The Eighth 
International Conference on Indium 
Phosphide and Related Materials 
(IPRM 96) in the German hamlet of 
Schwibisch-Gmind. The venue for 
this futuristic and broad-spectrum 
forum was the "Staufers' Domain", a 
1200 year old city, and "the belly 
button of the world" (at least for the 
third week of April, 1996) according 
to Conference Chair Hildebrand. The 
contrast of the Middle Ages and new 
world high-tech was ironic, and the 
Swabian style centro-symmetric vil- 
lage with town square at its hub 
strangely mimicked the crystalline 
order so prevalent in the technology 
of visiting III-V scientists and re- 
searchers. 
The Sw~ibian Plain was alive with 
the sound of science. Orchestrator 
and local arranger, Herbert Haupt of 
Alcatel, produced the 5 day symph- 
ony. 
PLENARY talks remained comple- 
tely in tune with the entire "domain" 
of III-V technology, from research to 
manufacturing, an underlying theme 
since the first IPRM in Norman 
Oklahoma. Three virtuosos presented 
a cross section highlighting the most 
interesting trends in current InP 
research, development and industrial 
application. Prof. Shigehisa Arai (To- 
kyo Institute of Technology) shared 
his research and perspective on the 
progress in the growth of advanced 
Klaus Heime, Prog.Chair presents best student 
paper award to Michael Kappelt (Technische 
Universitat, Berlin), see article this issue. 
laser structures using quantum wires 
and boxes. Among the noted accom- 
plishments in quantum dot laser 
development was the successful in- 
corporation of grown-in front and 
backside reflectors with resulting 
laser action. Quantum-wire lasers 
fabricated by strain-induced lateral 
layer ordering (SILO) and strain- 
induced self-organized (SISO) quan- 
tum box lasers are reported with 
threshold current density as low as 
Jm-294A/cm 2.Quantum technology 
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continues to be the "hot" topic. In 
fact, this year's IEEE/LEOS Best Stu- 
dent Paper was InP/lnAlAs/lnGaAs- 
Quantum Wires presented by M. 
Kappelt, from the Technical Univer- 
sity, Berlin (reprinted in this issue). 
This trend to the use of nanoscale 
structures was also evident in an 
invited electronic device talk by M. 
van Rossum (IMEC, Leuven, B.). It i s  
becoming evident that techniques 
similar to quantum-dot/box- laser 
processing leads to novel devices 
for high speed electronic applica- 
tions as well. 
Next, Prof. Alain Cappy (Universite 
de Lille, France) gave an overview of 
metamorphic (strain relaxed) hetero- 
structure field-effect ransistors. Hc 
emphasized the advantages of meta- 
morphic  growth and processing 
techniques to overcome indium de- 
ficiencies in PMHEMT and low-vol- 
tage impact ionization of small band- 
gap LM-HEMT. Device performance 
of high indium-content lnGaAs meta- 
morphic layers on GaAs compared 
favorably to present HEMT technol- 
ogy. 
Rounding out the "technology do- 
main", Dr. Waguih lshak (Hewlett 
Packard Laboratories, USA) pointed 
out that we are on the verge of the 
"Tera Era", where "tera bits will be 
the backbone of long haul network 
systems". He concludes that sheer 
CPU requirements will force the 
replacement of silicon in the "Tera 
Era". lnP is a logical choice since it 
has the high speed and bandwidth 
requirements for future communica- 
tions. This is not to say that silicon 
will disappear. It is clear that InP, Si and other salient 
technologies must coexist in the new era. Inherent in 
this message was the fact that functional circuits for 
computers, communications and measurements applica- 
tions will require both hybrid and monolithic integration 
techniques to meet performance goals. 
A perfect flotirish followed up Ishak's comments: a two 
hour marathon rump session on Tuesday evening, 
provided the delegates an opportunity to express their 
views regarding "Monolithic versus Hybrid Integration". 
Some of the questions addressed were: Can any hybrid 
technology stand up to the integration/manufacturing 
challenge? Arc heterogeneous epitaxial growth techni- 
ques capable of producing the "Super Hctero-Chip- 
Monolith"? Is the "Holy Grail" beyond all technology'? 
Are there alternatives? What about performance? Cost? 
Several invited "soloists" led by Dr. Hans Melchior (ETH 
Zurich) kicked off the discussion and, at times, heated 
interchanges among delegates and panelists followed. 
Some panelists theatrically interrupted each other to 
present "duelling viewfoils". One speaker received a 
standing-O for a cartoon which depicted hybridization as 
a haphazard, unsophisticated technology - a tongue-in- 
cheek depiction of the subject matter. You had to be 
there! As always, the rump evening was well-oiled with 
local beverages. Despite what appeared to be widely 
differing opinion, several things became clear: some level 
of hybridization is already in place and will continue into 
the near future; full monolithic integration in III-Vs is 
limited presently by epitaxial growth and heterostruc- 
tural design incompatibilities; the ultimate driving force 
for monolithic or hybrid technology choices will be our 
old friend the "cost-performance factor". 
All delegates and their companions participated in a 
walking tour of the City highlighted by a Bach concert of 
superb organ music performed in the Church of St. John, 
constructed during the Roman Empire. Shortly after, 
visiting IPRM scientists were feted by Burgermeister, 
Dr. G. Rembold, at a reception in the "Predigcr"/cultural 
centre. 
The afternoon before the conference was reserved fi)r 
three minicourses designed to stimulate and expand thc 
research interests of newcomers and experts in thc field. 
1996 courses consisted of a series of three sequential 
90 minute lectures which introduccd specific arcas of 
main stream advanced III-V technology highlighted 
throughout he conference. 
A tutorial on "Quantum Wells to Quantum Dots 
Epitaxial Growth and Physics of Low-dimcnsional Struc- 
tures" by Y. Arakawa, University of Tokyo, Japan lcd off 
thc trio. Next an in-depth look at "InP-based Hetcro- 
structure FETs: Design, Manufacturc, Pcrformancc and 
Applications" by J. Dickmann, Daimlcr-Bcnz AG, Ger- 
many gavc thc studcnts perspective from the manufac- 
turer/user sidc of thc cquation. Finally, the role of "InP 
Components for Optical Switching and Routing Systems" 
by K. Stubkjacr, TU Dcnmark discussed the potential for 
InP to enhance communication systcms. 
"Konzert-Mcistcr", (Program Chair) Klaus Heime and 
diligcnt area chairmen contributcd more "Bach" in 
"fugue form" (variations on the IPRM theme, meshed 
togethcr in symphony). This year, the area of Charactcr- 
ization was cstablishcd in recognit ion of its vital 
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is revolutionising the trans- 
mission of high-voltage power. 
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- silicon carbide is paving 
the way for smart power. 
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Banquet entertainment, Swaebian folk dancers. 
maportance to this technology. Two 
invited papers set the tone: Prof. H. 
Lakner d iscussed Subnanometre  
Scale Characterization of III-V-Het- 
erostructures  demonstrat ing that 
high-resolution scanning TEMs to- 
gether with quantitative and compu- 
ter-aided picture processing and 
extended simulations can resolved 
the chemical nature of interfaces 
down to atomic dimensions; Prof. J. 
Geurts (RWTH Achen, now Universi- 
tat Wurzburg) was able to obtain 
similar results through Raman and x- 
ray characterization of III-V-inter- 
faces. It was very clearly shown that 
the combination of the two methods 
along with photoluminescence gives 
rapid, yet high resolution results. 
Thickness, interface composi t ion 
and roughness, overall composition 
of as-grown individual and multiple 
epitaxial ayers can be resolved read- 
ily without further sample prepara- 
tion. 
The maturity of Optoelectronics 
was reflected in many of the invited 
and contributed papers which ad- 
dressed today's key opto issues such 
as: integrated photoreceivers (Sca- 
vennec); laser diodes for optical 
communications and interconnects 
(Yamamoto, Sakata); wafer fusion for 
1.54 ~tm RT, cw, low threshold ver- 
tical cavity lasers (VCSELs) (Iga, 
Babic). The future potential of large 
scale photonic integrated circuits 
(Joyner) and emerging technologies, 
such as, quantum dot lasers (Grund- 
Record low thresholds (per quantum 
well, extrapolated to infinity cavity 
length) for strained lasers of 68 A/ 
cm-  at 1.3 gm reported by Toivonen 
et al. (Tampere TU) using all solid 
source  MBE and 62 A /cm2)at  
1.55 ~tm reported by Torabi et al. 
(Schottky Institut, TU Munich) using 
CBE are comparable to the best 
MOVPE results achieved to date. 
Perhaps the supremacy of MOVPE 
for production and large scale optoe- 
lectronic applications may yet be 
challenged? 
In the Electron Devices area it is 
clear that the InP-based InAl&s/In- 
GaAs heterost ructure  field-effect 
transistor (HFET) is well established 
as the best low noise, high-speed 
transistor to date. As a consequence 
reliability (RWTH Aachen), and HFET 
applications (Daimler Benz) in novel 
circuits were highlighted along with 
Dubrovko Babic (Student Award Winner 1995) and Osamu Wada, (Steering Committee). 
mann) invited considerable interest. 
For many manufacturers, light emit- 
ting diodes (LEDs) are a cash-cow. 
Ferocious rivalry for this market 
fostered interest in competing tech- 
nologies such as the organic LED 
results reported by Kowalsky which 
one day may challenge the perfor- 
mance/cost supremacy of semicon- 
ductors  LEDs .  For  now,  
semiconductor  LEDs remain the 
technology leader in this important 
economic area. 
While most of the optoelectronic 
devices are based on the continuing 
development of MOVPE, solid source 
MBE and CBE have demonstrated 
their potential for device fabrication. 
reduced feedback (Uhn) and system- 
atically lower gate leakage (Duis- 
burg) .  Metamorph ic  g rowth  
techniques provide the key for dra- 
matic improvement of the output 
conductance  of AISb/ InAs/GaAs 
HFETs discussed by W. Kruppa, NRI, 
USA. In addition, use of a higher 
band-gap GaAs substrate offers the 
potential for Iow-w)Itage applica- 
tions. Substantial progress was pre- 
sented in the deve lopment  and 
application of HBTs. The base-collec- 
tor feedback capacitance is now 
drastically reduced in a collector-up 
technology presented by J.L. Pelour- 
ard, CNRS by using a Schottky col- 
lector .  U. Bhat tacharya ,  U('SB, 
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achieves low feedback capacitance in HBTs by a 
transferred substrate (fusion) technique. Using these very 
impressive and sophisticated technologies, an excellent 
ratio of ft/fm~ > 3 was achieved which previously could 
only be obtained with InP-based HFETs. 
Epitaxy is the .foundation of III-V technology. Papers 
presented at IPRM96 were of exceptional quality cover- 
ing a wide range of topics. The MBE of InP/GaInAsP 
heterostructure lasers, reported excellent control over a 
range of compositions and good device results. Mason, 
Oxford, UK presented an update on the MOVPE growth 
of Group III antimonides and the value of in-s i tu UV 
input-gas-stream monitoring for identification and control 
of interface transients. A number  of other authors 
reported the effects of gas switching on interfacial layers. 
The use of in-situ monitoring in MOVPE appears to be 
increasing. Spectroscopic methods are the most popular 
due to their ease of installation and retro-fitting on 
MOVPE systems. 
A continuing challenge for epitaxy is monolithic 
integration of photonic and optoelectronic components. 
"Integration" although problematic, was a recurring 
theme across all subject areas at IPRM96. A number of 
papers addressed lascr-waveguide integration and band- 
gap engineering through selective area epitaxy. In 
particular, G. Laube, Alcatel, Germany reviewed selective 
area growth for multi-bandgap, control of integrated 
mode locked lasers with 12 ps optical pulses. 
Substantially improved performance was also reportcd 
for optoelectronic devices fabricated with quantum wire 
and quantum dot structures. The use of varying growth 
rates on different crystal planes (c.g. in V-grooves for 
wires) and strain induced self-organized growth for dots 
are currently the most popular methods to produce low 
dimensional structures. Control of growth is improving, 
and although current lasing thresholds are not signifi- 
cantly lower than strained quantum well lasers, To values 
as high as 425 K were  reported by Prof. Marius 
Grundmann, TU, Berlin. Wang, McMasters University 
reported on GaInAsP composition variations in faceted 
V-grooves grown by GSMBE. Further reports on alter- 
native sources for arsine and phosphine addressed the 
technical advantage of lower V/Ill ratios and slightly 
reduced growth temperatures as well as reduced risk in 
production, transport and waste handling. Cost is still 
prohibiting widespread use. 
The pHEMT device results of Schimpf et al. combined 
with the spectroscopic studies by Roehle et al., demon- 
strated thc successful use of nitrogen as an inert and 
hence safer carrier gas for LP-MOVPE. The search for a 
good semi-insulating dopant for InP continues. Rhodium 
has been successfully incorporated as a deep level, 
electrically active up to lO~'cm -3 although its perfor- 
mance has yet to be assessed. As the epitaxial technology 
matures for these materials, the main areas of develop- 
ment appear to be in the control for particular devices 
structures and in novel ways to employ basic growth 
characteristics to achieve monolithic integration of 
device structures. 
Bulk and Semi-insulating Materials issues remain of 
primary importance to the IPRM community. A small 
dedicated group of experts continue their intense pursuit 
of alternate techniques to produce and improve III-V 
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Better performance, more 
efficient engines, advanced 
information and communica- 
tion solutions - the demands 
for the development of new, 
environmentally adapted 
technical solutions are many 
and diverse. 
Silicon carbide, as the basis of 
semiconductor components, 
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and controlling processes in 
an automobile engine: not 
least because it can operate at 
temperatures up to 600 °C. 
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Well attended poster session, Stadtgarten 
Convention Center (right) 
Est. 1989 
Maestro Hildebrand convenes the 
conference (below) 
materials. Presentations ranged from 
advances in vapour controlled Czo- 
chralski (VCZ) (Sumitomo) and ver- 
t i ca l  g rad ient  f reeze  (VGF)  
(G. Mueller et  al., University of Erlan- 
gcn) to annealing and process mod- 
elling. Progress was also reported on 
P-injection in the melt (Iseler et al. 
Rome Laboratory) for rapid synthesis. 
A tenfold reduction in measured EPD 
strongly indicates that the traditional 
S.I. LEC-material will be supplanted 
by material with substantially im- 
proved defect density. The combina- 
tion of VCZ, VGF and P-vapour 
annealing techniques have substan- 
tially reducing Fe-content to less than 
lO~,cm 3 while maintaining the S.I. 
properties. This in-turn reduces the 
risk of Fe redistribution during sub- 
sequent epitaxy or device proces- 
sing. Work presented on defect 
centers included discussions of the 
compensation processes in low Fe- 
content material and of alternative 
deep acceptors uch as Rh. An under- 
lying theme of formal presentations 
and extramural discussions was that 
contrary to an impression often given 
to funding agencies by device fabri- 
cators - bulk material is not simply 
"in hand" but is still in "develop- 
ment" with regard to growth tech- 
nology and quality. 
Wednesday offered free time for 
touring or golfing: a change of tempo, 
a well engineered "suste nuto" from 
the technical compositions found in 
the hyperadequate amphitheatres of
the Convention Center. Mediaeval 
Rothenburg ob der Tauber implied 
still a variation on musical theme: 
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Bach's "A Mighty Fortress". The alter- 
native (golf) score was written by 
Holger Jiirgensen of AIXTRON the 
only off key element was the "rain 
remained on the plain" - Swabian, 
that is. 
German fare of smoked trout, 
salmon and fine wines became the 
crescendo to a most memorable  
IPRM medley. Swabian music ians 
and dancers provided oldworld am- 
biance, color and sound during din- 
ner; even the whimsical banquet 
speech of Prof. Hideki Hasegawa 
ended with a strangely entertaining 
song. 
Processing began with an in-depth 
session Tuesday morning on dry 
etching of InP structures. Both RIE 
(react ive ion etching) and RIBE 
(reactive ion beam etching) were 
emphasized. Prof. Evelyn Hu's invited 
paper included a critical evaluation of 
the optical quality of InP/InGaAs 
quantum wells regrown on dry- 
etched material. Methane/argon/hy- 
drogen RIE, remarkably, produced 
the best quality regrown MQW ma- 
terial. The most probable xplanation 
for this result was identified to be 
hydrogen out-diffusion and cluster- 
ing at defects. Other papers in the 
session included VCSEL fabrication 
using RIBE, and butt-coupled wave- 
guide formation using RIE and RIBE. 
Hydrogen radical t reatment  was 
found to remove native oxides from 
InP and most importantly from M- 
containing quaternary layers. Addi- 
t iona l ly ,  carbon  sur face  
contamination was effectively re- 
duced. 
The importance of processing advances for high 
performance devices was highlighted in many papers 
included in the device sessions of this conference. For 
example, D. Babic's invited talk focused on room- 
temperature operation of VCSELs which feature the 
recently developed ouble fused mirror technology. The 
foundation of Y. Ishii's invited talk was a built-in InP 
recess etch stop layer and a highly selective wet etch 
process. This well-controlled gate recess process resulted 
in very high performance HEMTs. 
Poster Sessions were particularly well inserted into the 
IPRM concert  by good scheduling, integral physical 
location and extraordinarily high quality technicals. The 
"standing room only" attendance is a tribute to the 
interactive style of these sessions. 
The Exhibition, an informative IPRM tradition contin- 
ued presenting the attendees an excellent opportunity to 
acquaint hemselves with the latest products and services 
from an international cross-section of exhibitors of 
leading companies and vendors in this continuously 
expanding field. III-V business world excitement ran 
high. The news of U.K.'s Epichem Ltd. receiving the 1996 
Queen's Award for export excellence arrived during the 
conference and was a source of pride for the entire IPRM 
community. 
This year the conference committee recognized Tony 
Jones of Epichem Ltd. for his outstanding contributions to 
the III-V community.  Elsevier presented the I I I-Vs 
Rev iew's  Michael A. Lunn Award celebrating Dr. Jones' 
work developing MOCVD precursor chemistry. 
The Maestro took his final bow and passed the baton 
(and bell) to Prof. Steve Forrest, Princeton University, 
USA, who will have until next May '97 to rehearse for the 
grand opening of IPRM '97 in Hyannis, Massachusetts, 
USA...at Old Cape Cod. 
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Regardless of whether 
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cation, silicon carbide makes 
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Contact us and we will tell 
you more. Start by reading 
our World Wide Web pages. 
Ideon Science& Technology Park 
SE-223 70 ~nd,  Sweden 
Telephone +4646 1689 80 
Fax +46 46 16 89 81 
www htt p://www,epigress,se 
